Background and Objectives: Nonalcoholic fatty liver disease (NAFLD) is a common cause of liver disease in children and adolescents. The aim of this study is to investigate the prevalence of NAFLD in a sample of obese adolescents and to identify the clinical and biochemical characteristics in subjects with NAFLD.
Introduction
Nonalcoholic fatty liver disease (NAFLD) represents a spectrum of conditions ranging from simple hepatic steatosis to potentially fatal nonalcoholic steato-hepatitis and cirrhosis. NAFLD may be the most common cause of liver disease in both adults and children. Concurrent with the epidemic of childhood obesity, pediatric NAFLD is a growing global problem [1] . The most mild form is simple steatosis in which triglyceride accumulates within hepatocytes. A more advanced form of NAFLD, nonalcoholic steatohepatitis (NASH), includes inflammation and liver cell injury. Several investigators have reported that NASH may present with cirrhosis and end-stage liver disease in some children. Established risk factors for NAFLD in adolescents include obesity, insulin resistance, and type 2 diabetes [2] [3] [4] .
Obesity is a pro-inflammatory state that leads to insulin resistance (IR), which is closely associated with NAFLD development and progression. As the number of obese children has increased worldwide, risks for obesity-related metabolic and endocrine derangements, including hyperinsulinemia, hypertriglyceridemia, and hypercholesterolemia, have led to early development and increased incidence of type 2 diabetes, cardiovascular disease, hypertension and NAFLD [5] [6] [7] . NAFLD has a multifactorial etiology and a combination of environmental, genetic and metabolic factors play a role in the development of advanced disease. Genetic predisposition, overabundance of calorie-rich food and lack of physical activity contribute to development of obesity. So the pathophysiology of NAFLD is not fully understood.
Therefore, study of the prevalence of NAFLD in a sample of Egyptian Young Adults and identifying its risk factors would be critically important. The study attempts to assess the relationship between NAFLD and gender, obesity and lipids disturbance.
Subjects and Methods
A descriptive cross-sectional study was conducted on 366 adolescents 202 females and 164 males. Their mean age was 17.45 ± 2.54 years. The data were collected from June 2011 to July 2012 and were extracted from a project entitled "Obesity among Youth: Lifestyle and Genetic Factors" funded by the Science and Technology Development Fund (STDF), Egypt. This study protocol was approved by the ethical committee board of the National Research Centre of Egypt (No.10/223). An informed written consent was obtained from all participants. All individuals were clinically evaluated. The diagnostic of NAFLD was established by tests of liver function and ultrasonography followed by the exclusion of the secondary causes of hepatic steatosis: (1) alcohol intake of 30 g/day or more for males and 20g/day or more for females, (2) Wilson disease, intestinal bypass surgery, glutenic entheropathy, (3) ingestion of drugs known to produce hepatic steatosis including methotrexate, tamoxifen, amiodarone, nucleoside analogues, (4) a positive serology for hepatitis B or C virus, (5) a history of another known liver disease. The subjects were interviewed to obtain their history of hypertension, diabetes mellitus, dyslipidemia, myocardial infarction, stroke, as well as alcohol consumption and smoking.
Anthropometric measures
Standing height without shoes was measured twice with a standard scale to the nearest 0.1 cm. Height was measured with the patients standing with their backs leaning against the stadiometer of the same scale. Body weight was measured with the lightest clothing to the nearest 0.1 kg and BF% was measured by Tanita Body Composition Analyzer (SC-330). BMI was calculated as weight in kilograms divided by height in meters squared (kg/m2). WC and hip circumference (HC) were measured in cm using a plastic, non-stretchable tailor's tape. WC was measured with light clothing at a level midway between the lower rib margin and the iliac crest standing and breathing normally. HC was measured at the level at the widest circumference over the buttocks (at the greater trochanter). The waist hip ratio (WHR) was calculated as WC divided by HC. Obese adolescents had BMI greater than 95 th percentile for age and gender, according to the National Egyptian Growth Curves of Children and Adolescents [10] .
Laboratory measurements
Blood samples were collected from all the participants after an overnight fast. Serum glutamatepyruvate transaminase (ALT), aspartate aminotransferase (AST), triglycerides (TG), cholesterol (TC), high density lipoprotein cholesterol (HDL-C), lowdensity lipoprotein cholesterol (LDL-C) and fasting plasma glucose level were measured through standard laboratory methods.
Abdominal ultrasonographic examination
Ultrasonography was carried out by using GE logic α 200-ultrasound machine. The linear array probe (7.5 MHz) was used to measure the subcutaneous (SC) and Visceral fat (VF) abdominal fat layers. The subcutaneous minimum (SC min) and Visceral fat maximum (VF max) measurements were taken from the region just below the xyphoid process, whereas the subcutaneous maximum (SC max) and Visceral fat minimum (VF min) fat layers were measured from the region just above the umbilicus [8] . The convex-array probe (3.5 MHz) was used for measuring visceral abdominal fat and anterior wall of the aorta [9] . The patients were asked to suspend respiration during examination and special care was taken to keep the probe just touching the skin to prevent compression of fat layers. A convex-array probe (3.5 MHz) was used to demonstrate liver fatty infiltration. This was defined as increased echogenicity of the liver parenchyma without obvious mass effect and slightly impaired or poor visualization of the intrahepatic vessels and diaphragm. The patients were evaluated by the same radiologist in four groups according to the presence and severity of liver steatosis determined by ultrasonography. The changes of the echogenicity due to the fatty infiltration of liver parenchyma were evaluated according to the adjacent renal parenchyma.
Statistical analyses
All statistical analyses were performed using SPSS 16.0. Data is expressed as the mean ± standard deviation. Differences between groups were tested using an independent two-sample t-test and chi-square test was used to test for differences in the distribution of categorical variables. P-values < 0.05 were considered statistically significant.
Results
Off 366 the participants, 153 (41.81%) were obese. The prevalence of NAFLD in obese adolescents was 80.39% (123 out of 153). As shown in Tables 1 and 2 the prevalence of NAFLD in general was 57.65% (211 out of 366), 62.19% for males (102 out of 164) and 53.96% for females (109 out of 202), with no significant gander difference between NAFLD and non NAFLD group. In the NAFLD group, 58.29% were obese (123 out of 211 cases) in which 49% in males and 67% in females. There was a statistical significant gender difference (P<0.02). In males, the average age of the subjects with NAFLD was 17.24 ± 4.30, and 17.64 ± 3.51 in those without NAFLD. In females, the average age in NAFLD and non NAFLD group was 17.48 ± 3.79 and 16.98 ± 2.88 respectively. There were statistical differences in BMI, WC, TG, LDL-C, HDL-C, BF%, visceral fat, subcutaneous fat and ALT between NAFLD group and non NAFLD group in both genders. In addition, NAFLD group had higher liver size. The prevalence of obesity in the NAFLD group was significantly higher than in non NAFLD group in both genders. There were no differences in WHR, spleen size, AST, glucose and cholesterol levels between NAFLD group and non NAFLD group. 
Discussion
Although the prevalence of these diseases varies significantly among ethnic groups, NAFLD is increasingly recognized as an important and common factor affecting approximately 20% of the general population [11] . Nowadays NAFLD has become a major public health hazard worldwide. The prevalence rates range from 24% to 42% in Western countries and 5% to 40% in Asian countries [12] [13] [14] . Hispanics having the highest prevalence (45-58%), followed by Caucasians (33-44%) and African Americans (24-35%) [15] [16] . Obesity might be seen in approximately 71 % of patients with NAFLD [17] . In terms of free fatty acid (FFA) discharge and steatotic liver formation, visceral and central adipose tissues have more effective role in comparison with peripheral adipose tissue [18] . Abdominal fat layers comprise subcutaneous, preperitoneal and visceral fat compartments. The distribution of abdominal fat may be more important than total body fat.
Ultrasonographic fatty liver is defined when the accumulation of fat, mainly triglycerides, in hepatocytes exceeds 5% of the liver weight, and NAFLD refers to ultrasonographic fatty liver accompanied with liver function disruption [19] .
The incidence of NAFLD has increased since the first case of pediatric non-alcoholic steatohepatitis (NASH) was described in 1983 [20] . However, the actual prevalence of NAFLD and NASH in children remains largely unknown because of the lack of population-based studies and reliable noninvasive screening tools. Several studies in different countries selectively examined the prevalence of NAFLD in groups of obese children and found that it might range from 23% to 77% [21] [22] . The study of el-karksi et al 2011 [23] showed that the estimated prevalence of NAFLD was 38.5% in obese Egyptian children and adolescents. The results of the present study showed higher values, the prevalence of NAFLD in general was 57.65% (62.19% for males and 53.96% for females). Obesity and insulin resistance are crucial for the pathogenesis of NAFLD [17] . The present study showed that 58.29% of NAFLD were obese (123 out of 211 NAFLD cases) in which 49 % in males and 67% in females, with statistical gender difference (P<0.02). In the National Health and Nutrition Examination survey conducted in the United States from 1988 to 1994, more than 20% of the children aged 12 to 17 years were overweight (85th percentile of BMI in kg/m2 for age) and 8% to 17% were obese (95th percentile of BMI for age) in different ethnic groups [24] .
Among adolescents, 60% with elevated ALT levels were either overweight or obese, who, though having the modest alcohol consumption, were at an increased risk of developing obesity related liver disease [4] .
Apart from obesity, several risk factors were reported to be associated with NAFLD; such as diabetes, insulin resistance (IR), and hypertriglyceridemia.
The present study emphasized the relationships between biochemical, anthropometric measurements and abdominal fat accumulation and presence of NAFLD in Egyptian adolescents. BMI was recommended as an index of peripheral obesity and waist circumference as one of indices of abdominal obesity. Previous studies reported that waist circumference is a good predictor of the visceral obesity and also increased according to the severity of liver steatosis [25, 26] . The potential source of lipid accumulation in the livers of patients with NAFLD is the fat stored in adipose tissue. Approximately 80 % of fatty acid content of plasma nonesterified fatty acid concentrations (NEFA) pool is contributed by adipose tissue and BMI was progressively increased with the degree of steatosis, total fat mass (%) increased in severe steatosis [27] .
The present study supports the belief that obese Hispanic adolescents are more likely than obese non-Hispanic adolescents to develop fatty liver. This is consistent with data from the Third National Health and Nutrition Examination Survey showing that an elevated ALT is more common in obese American adults [28] .
Gender difference in prevalence of obesity in subjects with NAFLD was noted in this study. With the increasing prevalence of obesity and type 2 diabetes mellitus in the general population, NAFLD has become a common diagnosis in clinical practice. There is increasing evidence that obesity, hyperglycemia and insulin resistance are risk factors for NAFLD in children and adolescents. Thus, it is of great importance to investigate the obese children and adolescents and to seek the sensitive index predicting early hepatic lesion and related dyslipidemia. It was found that there was no significant differences between NAFLD group and non NAFLD group as regards spleen size while Mendes and his colleagues [29] found that one hundred patients of 354 had portal hypertension at the time of NAFLD diagnosis (28.2%), they used esophageal varices, splenomegaly, portosystemic encephalopathy, and ascites as noninvasive indicators for portal hypertension. In the current study, the mean values of spleen size were within normal range even in subjects with NAFLD which could be referred to younger ages of the studied subjects in current study so that, process of steatohepatitis and liver fibrosis had not occurred yet.
It was noticed that percentage of fatty liver among children was more than that of obese children. This means that fatty liver not only associated with overt obesity but also just overweight children can have enlarged liver.
Abdominal fat is composed of several distinct anatomic depots: subcutaneous fat, which can be divided into anterior and posterior or superficial and deep layers, and intraabdominal fat, which can be divided into intraperitoneal and retroperitoneal sites. Intraperitoneal fat, also known as visceral fat, is composed of mesenteric and omental fat masses. Although the absolute amount of each of these depots is much larger in upper-body obese than in lean persons, the relative amount of abdominal fat with respect to total body fat mass is often similar in both groups. For example, visceral fat constitutes about 10% of total body fat mass in lean and obese men (30) . Thus, we cannot depend on BMI only to define obese persons but truncal obesity must be assessed to avoid associated problems like NAFLD.
In conclusion, the study suggests that abdominal obesity and dyslipidemia can increase the risk of NAFLD among Egyptian adolescents in both genders. Thus, obesity is a major risk factor and is associated with high rates of NAFLD, and it is of great importance to investigate the obese adolescents and seek for sensitive index predicting early hepatic lesion and related dyslipidemia.
